Background Signet ring cell carcinoma (SRC) of the stomach is a histological type based on microscopic characteristics. Although the distinctive clinicopathological features of SRC have been reported, results are inconsistent and survival outcomes are uncertain. Methods We retrospectively studied 769 patients with gastric carcinoma who underwent gastrectomy in our institute from 1999 to 2009. Among them, 326 patients (42.4 %) had early gastric cancer (EGC) and 443 patients (57.6 %) had advanced gastric cancer (AGC). Sex, age, tumor location, macroscopic type, tumor size, microscopic invasion, and survival rate were compared between patients with SRC, differentiated-, and undifferentiated-type gastric carcinomas. Results Fifty-one patients (15.6 %) had SRC in EGC; there were significant differences in sex, age, location, macroscopic type, and size between SRC and the differentiated histological type. However, there was no difference between SRC and undifferentiated-type gastric carcinoma, except for the macroscopic type. Fifty-seven patients (12.9 %) had SRC in AGC. Sex, age, location, size, macroscopic type, perineural invasion, N stage, and hepatic metastasis were significantly different between SRC and the differentiated histological type. Undifferentiated-type gastric carcinoma differed in sex, macroscopic type, and hepatic metastasis. The overall survival rate differed between SRC and other cell types (P \ 0.001). Among all the study patients, age [hazard ratio (HR) 1.013, P = 0.041] and tumor, node, and metastasis (TNM) stage (HR 2.350, P \ 0.001) were important factors for predicting survival. Omitting patients with palliative resection or metastases, TNM stage was still an important factor for survival (HR 2.077, P \ 0.001). Conclusions Patients with SRC showed similar clinicopathological features with undifferentiated histology. The survival of patients with SRC reflected a better prognosis in patients with undifferentiated gastric carcinoma. However, when narrowing the patients to those with EGC only, survival in EGC patients exhibited no difference between histological types. Among AGC patients, SRC patients had a worse prognosis than other cell types.
Introduction
Signet ring cell carcinoma (SRC) is a histological type based on more than 50 % of the tumor containing extracellular mucinous pools, according to the World Health Organization (WHO) classification. In other classifications, it is classified as ''diffuse type'' by Lauren, ''infiltrative type'' by Ming, and ''undifferentiated type'' by the Japanese classification. Although many studies have reported distinct clinicopathological features in patients with SRC of the stomach, there are still uncertainties with regard to characteristics and survival outcomes. Generally, the biological behavior of SRC has been considered to be different from other cell types, but clinical characteristics and prognosis were inconsistently reported. Some studies reported better 5-year survival rates in SRC than in other cell types [1, 2] . However, others reported no significant differences [3] or a poorer prognosis [4] [5] [6] . In addition, studies that compared SRC with the other cell types in early gastric cancer (EGC) found that SRC had lower lymph node metastasis with better prognosis than other cell types and suggested endoscopic resection for the treatment of signet ring cell-type EGC patients [7] . However, these results are not confirmed, and others suggest that EGC with SRC should be treated by gastrectomy with lymph node dissection rather than endoscopic treatment [3, 5, 8] . We planned this study to retrospectively analyze the clinicopathological features and long-term survival rates of SRC compared with other cell types in stomach cancer patients.
Patients and methods
We enrolled 769 patients with histologically proven gastric adenocarcinoma, who underwent curative or palliative gastrectomy at Ewha Womans University Hospital, Seoul, Korea, from January 1999 to December 2009, for this retrospective analysis. The patient follow-up period continued until death or the cutoff date of December 31, 2011. The mean follow-up interval was 105.05 months (range, 0-152 months). Sex, age, tumor size, tumor location, macroscopic appearance, hepatic metastasis, microscopic invasions (venous, perineural, or lymphovascular invasion), WHO histological classification, tumor, node, and metastasis (TNM) stage, type of surgery, associated resection, and adjuvant chemotherapy were recorded. All chemotherapies proceeded after the operation, and there were no other treatment modalities except intravenous systemic anticancer treatments. Lymph node metastasis (N stage) and depth of tumor invasion (T stage) were classified according to the 7th edition of the American Joint Committee on Cancer/International Union Against Cancer (AJCC/UICC) TNM staging system [9] . Of these 769 patients, 326 patients had EGC and 443 patients had advanced gastric cancer (AGC). We compared the patients with SRC histology with those with other undifferentiated types (including poorly differentiated and mucinous types) and differentiated types (including well-differentiated and moderately differentiated types), respectively. This study was approved by the Institutional Review Board of Ewha Womans University Hospital (ECT 11-29-32).
Statistical analysis
Patient characteristics were compared between patients with SRC and those with differentiated and undifferentiated histology. Chi-squared analysis and Student's t test were used to compare the discrete and continuous variables, respectively. The Kaplan-Meier method was used to calculate survival rates, and the survival curves were compared using the log-rank test. Multivariate analysis was performed using the Cox proportional hazards regression model for the analysis of prognosis. All statistical analyses were performed using the Statistical Package for Social Science (SPSS) version 16.0 for Windows (SPSS, Chicago, IL, USA). Differences were considered to be statistically significant at P \ 0.05.
Results

Clinicopathological characteristics
Among the 769 enrolled patients, 489 were men (64 %), and mean age was 60.9 ± 12.4 years. Mean tumor size was 4.08 ± 3.24 cm. There was a significant difference (P \ 0.001) in histological type between patients with EGC and those with AGC. Among the 326 EGC patients, 51 patients had SRC (15.6 %), 205 had differentiated histology (62.9 %), and 70 had an undifferentiated histological type (21.9 %). Among the 443 AGC patients, 57 had SRC (12.9 %), 170 had differentiated histology (38.4 %), and 216 patients had an undifferentiated histological type (48.8 %).
The clinicopathological characteristics of patients with EGC are summarized in Table 1 . Among EGC patients, SRC was more common in younger patients and in women as compared with the differentiated type (mean age, 55.47 ± 11.45 vs. 63.17 ± 10.55 years, P \ 0.001; female proportion, 49.0 vs. 27.3 %, P = 0.003). However, there were no differences in age and sex between SRC and the undifferentiated type (P = 0.964 and P = 0.719, respectively). About 66 % of differentiated tumors were located in the lower third of the stomach. In contrast, 51 % of SRC tumors were located in the middle third of the stomach (P = 0.001). Patients with SRC had no macroscopic elevated lesions, which differed significantly from patients with differentiated and undifferentiated types (P = 0.004 and P = 0.003, respectively). There was no difference in microscopic invasions between SRC and other histological types, except for perineural invasion, which was significantly more common in SRC than in the differentiated type (7.8 vs. 1.5 %, P = 0.031). There was no difference in the depth of invasion between SRC and the differentiated type (P = 0.642), although there was a tendency (P = 0.051) for a tumor of undifferentiated histological type to be more invasive than an SRC tumor.
The clinicopathological characteristics of patients with AGC are summarized in Table 2 . For AGC patients, SRC was more common in younger patients and in women and the tumor size was larger than for the differentiated type (mean age, 58.18 ± 15.77 vs. 63.51 ± 11.61 years, P = 0.007; female proportion, 59.6 vs. 27.1 %, P \ 0.001). There was no difference in age between patients with SRC and those with the undifferentiated type (P = 0.261). Tumors of differentiated histological type were more frequently located in the lower third of the stomach than SRC tumors (61.2 vs. 45.6 %, P = 0.016).
However, there was no difference in tumor location between SRC and the undifferentiated type (P = 0.533). In macroscopic appearance, SRC tumors tend to have a flat and depressed appearance; there was only one case of elevated tumor. SRC tumors were more frequently of the N3 stage (52.6 vs. 20.6 %, P = 0.003) and had a higher perineural invasion rate (56.1 vs. 32.4 %, P = 0.006) than Characteristics of SRC of the stomach 45 Table 2 Characteristics of patients with advanced gastric cancer (AGC) according to histological classification those with the differentiated histological type. There was no hepatic metastasis in patients with SRC, and this differed significantly from differentiated and undifferentiated histological types (P = 0.014 and P = 0.028, respectively; Table 2 ). In each histological type, approximately half the patients underwent adjuvant chemotherapy, but there was no statistical difference (SRC vs. differentiated, P = 0.730; SRC vs. undifferentiated, P = 0.538).
Survival outcomes
The 10-year survival rate of patients with SRC was 55.4 %, which was intermediate to the 10-year survival rate of patients with differentiated histological type (64.5 %) and undifferentiated histological type (46.2 %, P \ 0.001; Fig. 1 ). In 326 EGC patients, the 10-year survival rate of patients with SRC was 84.0 %; this rate was higher than the differentiated (76.0 %) and undifferentiated (65.7 %) histological types, but the difference was not significant ( Fig. 2 , P = 0.675). Among the 443 AGC patients, the 10-year survival of SRC was poor (26.0 %) compared with patients with differentiated (50.5 %) and undifferentiated (38.4 %) histological types ( Fig. 3 , P = 0.044). In 211 AGC patients who received adjuvant chemotherapy, we did not investigate response to chemotherapy or disease-free survival when we compared histological types in patients who had systemic anticancer treatment. Although length of survival seemed to differ by several months, there was no significant difference in mean survival length (P = 0.10).
To account for interrelationships among the variables of survival, univariate and multivariate analyses were performed. Among the total 769 patients, age, size of tumor, macroscopic type, hepatic metastasis, venous invasion, perineural invasion, lymphovascular invasion, TNM stage, and histological classification were predictive factors of survival in univariate analysis (Table 3) . In multivariate analysis, age and TNM stage remained independent predictive factors of survival (Table 3 ). In EGC, age and M Fig. 1 Overall survival of total patients according to histological classification (logrank test, P \ 0.001). There was significant difference in survival between gastric carcinoma patients with differentiated, undifferentiated, and signet ring carcinoma (SRC) histological types stage were independent predictive factors (Table 4) ; in AGC, tumor location, TNM stage, curative surgery, and the type of gastric surgery were significant predictive factors affecting survival (see Table 7 ). In our analysis, we included patients who had palliative resections or metastatic lesions, and there was a possibility that information from these patients may have influenced statistical calculations of prognostic values. After omitting patients with palliative resections or metastases, 609 patients remained. Among the 609 patients, age, size of the tumor, venous invasion, perineural invasion, lymphovascular invasion, TNM stage, histological classification, chemotherapy, and type of surgery were predictive factors of survival in univariate analysis (Table 5 ). In multivariate analysis, age, TNM stage, and type of surgery remained independent predictive factors of survival (Table 5) . In 309 EGC patients, only age was a meaningful predictive factor by univariate analysis (Table 6 ); in 300 AGC cases, venous There was significant difference in survival between differentiated, undifferentiated, and SRC histological types invasion, lymphovascular invasion, and N stage were significant factors affecting survival. Of these, N stage exhibited the highest hazard ratio (HR 2.041; Table 8 ).
Discussion
The prevalence of SRC of the stomach has been reported to vary from 3.4 to 39 % [10] . In this study, 14 % of the total patients who underwent gastrectomy had SRC. The proportion of SRC in EGC was 15.6 % compared with 12.9 % in AGC. The higher prevalence of SRC in early EGC is consistent with previous studies [1] . In early SRC, macroscopically depressed lesions predominated over differentiated or undifferentiated histological types (P = 0.004 and P = 0.003, respectively). A depressed lesion could easily be detected by endoscopy with an indigo carmine solution spraying method. Moreover, the carcinoma cells are detected early in biopsy specimens because of their typical enriched intracytoplasmic mucin and peripheral compressed nuclei. Consequently, SRC can be detected at an early stage. This unique depressed endoscopic feature of SRC cancer was previously reported in other studies [3, 5, 11] . Among patients with EGC, the SRC type was more frequently observed in younger patients and in female patients than the differentiated type (age, P \ 0.001; female gender, P = 0.003), but showed a similar prevalence compared with the undifferentiated type (P = 0.964 and P = 0.719, respectively). Earlier reports showed that SRCtype gastric cancer appears to be more frequent in female patients [2] . The reason SRC and undifferentiated-type gastric cancers are predominant in younger and female patients remains unclear. There is a theory that histology may be influenced by sex hormones [12, 13] . In fact, the incidence of gastric cancer shows a male predominance, with a male-to-female ratio of approximately 2:1 [14] . This distribution is not clearly explained by the differences in the prevalence of risk factors between the genders. There have been conflicting reports of the effect of sex hormones on the development of gastric cancer [15, 16] . According to a meta-analysis by Camargo et al. [15] , a longer period of fertility and hormonal replacement therapy were each associated with decreased gastric cancer risk. Their analysis supported the hypothesis that longer exposure to the estrogen effects of either ovarian or exogenous origin may decrease the risk of gastric cancer. On the other hand, Matsui et al. [17] reported that, in reviewing the immunohistology of 107 patients with curative resection of gastric cancer, the estrogen receptor-positive rate was slightly higher in younger female patients and in patients with poorly differentiated gastric cancer, and the 10-year cumulative survival rate after surgery was significantly lower in the estrogen receptor-positive cases. The relationship between sex hormones and cancer development needs further investigation. As in previous studies, SRCtype EGC was frequently found in the middle third of the stomach, and it was significantly different from differentiated type (P = 0.001). It was reported that SRC cancer originates from the fundic gland where there is no intestinal metaplasia [2, 3, 6, 18] . Previous reports of the prognosis of patients with SRCtype EGC are controversial. Although Kim et al. [6] reported that the prognosis of SRC-type EGC was similar to that of other histological types, many studies have reported that the prognosis of SRC-type EGC is significantly better than that of other histological types [1, 2, 19, 20] . In our analysis, even though there was no statistical significance, the 10-year survival rate was 84.0 % for the SRC type, 76.0 % for the differentiated type, and 65.7 % for the undifferentiated type. In SRC-type AGC, deeper tumor invasion, higher LN metastasis rates, and larger tumor sizes than in the differentiated type were observed. Consistent with our data, Jiang et al. [1] reported larger tumor sizes, a higher proportion of Borrmann type IV tumors, and a higher rate of serosal invasion in SRC-type AGC. Previous studies [6, 18] have reported that SRCtype AGC is characterized by the potential to infiltrate the gastric wall, a higher proportion of Borrmann type IV tumor, a higher rate of LN metastasis, deeper tumor invasion, and more peritoneal metastasis. However, it is unique that in our analysis, there was no hepatic metastasis in patients with the SRC types. Patients with SRCtype AGC had a significantly lower survival rate than those with differentiated or undifferentiated types, which is consistent with previous studies [6, 18, 21] . Approximately half the patients in each histological group had adjuvant chemotherapy, but there was no survival difference between groups (P = 0.10; Table 2 ). When we compared survival across all stomach cancer patients, we found significant differences among histological types (P \ 0.001; Fig. 1 ). The differentiated histological type was associated with the highest survival rate, whereas the undifferentiated type had the lowest (10-year survival rate: differentiated, 64.5 %; undifferentiated, 38.4 %; SRC, 55.4 %). In 769 total gastric carcinoma patients, the Cox proportional hazards model showed that age and TNM stage at the time of diagnosis were the most important independent predictive factors affecting survival. In EGC, age and M stage were independent factors (Table 4) ; in AGC, tumor location, TNM stage, curative surgery, and type of gastric surgery were significant factors affecting survival. To explain predictive factors affecting survival in gastric cancer patients who had curative resection, we excluded patients who had palliative resections or metastases, and 609 patients remained.
In 609 patients, age, TNM stage, and the type of surgery were the most important independent predictive factors affecting survival (Table 7) . It is unique that in AGC patients, after omitting patients with palliative resections or metastases, venous invasion, lymphovascular invasion, and N stage were the most important predictive factors affecting survival (Table 8) . With results similar to our data, Siewert et al. [22] reported that lymph node ratio and lymph node status are the most important prognostic factors in patients with resected gastric cancer. Nowadays, complete tumor removal with adequate margins of clearance has been widely accepted as a major factor for reduction of locoregional tumor recurrences and improvement of survival time in patients with gastric cancer [23, 24] . Previous studies reported that extended lymph node dissection is the most important factor determining long-term survival in patients with stage II gastric cancer [22] . In EGC patients, however, age was a meaningful predictive factor by univariate analysis.
In conclusion, our analysis showed that SRC has similar clinical features to the undifferentiated histological type. The prognosis of patients with SRC was better than that of the undifferentiated histological type, although survival analysis in EGC patients showed no difference between histological types. Thus, we recommend early detection and invasive treatment regardless of histological type in EGC. Among AGC patients, SRC patients had a worse prognosis than those with any other histological type of tumor.
